1. Introduction {#s0005}
===============

As most European countries, Switzerland aims at achieving the goal set by the World Health Organization (WHO) to eliminate measles by 2020 ([@bib72]). However, although the WHO recommends a 95 percent vaccination coverage ([@bib71]), to date only 87 percent of 2-year-old children living in Switzerland have received the necessary two doses of a measles vaccine such as Measles Mumps Rubella (MMR) ([@bib64]). Sub-optimal MMR coverage resulted in a number of measles outbreaks in Switzerland in the last two decades ([@bib38], [@bib64]). The number of measles cases doubled between 2015 and 2016 from 35 to 71 cases annually. While 17 cases were registered between January and April 2018, 2017 was marked by as many as 105 new cases. Between late December 2016 and early February 2017, 22 cases of measles occurred in the Italian-speaking part of Switzerland, mostly among adults, making Ticino and Grigioni the two Cantons with the highest incidence in this period ([@bib62]).

Given the continuous struggle to achieve the WHO-set goal, it is most important to identify the factors that influence parents' attitudes towards childhood vaccination in general and their decision for or against the MMR vaccination in particular. Theory-based empirical research and interventions are preferential if not imperative for successful health behavior promotion ([@bib41]). Theories allow to synthesize and generalize complex processes beyond a specific context. They further allow to formulate intervention recommendations for public health organizations concerned with measles vaccine communication measures and campaigns in Switzerland and abroad.

The aim of the present paper is to understand what predicts parents' intention to adhere to official MMR vaccination recommendations in Switzerland; this aim is to be reached by applying the Protection Motivation Theory (PMT), originally developed by [@bib53], in the context of the MMR vaccination.

1.1. Theoretical background {#s0010}
---------------------------

PMT has been applied to different health-related behaviors including vaccination (for a meta-analysis see [@bib22]; [@bib46]). The theory has established social cognitive determinants in common with other behavioral theories including the Health Belief Model (HBM), Theory of Reasoned Action and Theory of Planned Behavior (TPB), Social Cognitive Theory as well as Health Action Process Approach ([@bib41]). For example, PMT shares with the HBM ([@bib60]) and social theories of risk (for an overview see [@bib11]) the notion that the intention to adopt a protective behavior (e.g. vaccinating) results from perceiving a given threat (e.g. disease) and desiring to avoid the negative outcomes of such a threat ([@bib22]). The strength of PMT lies in the fact that it takes into account people's threat perceptions in terms of severity of and vulnerability towards experiencing an advert event, and the costs (e.g., personal resources) involved in avoiding it. While the first cognitive mechanism presents a threat appraisal, the second, related to response costs, presents a coping appraisal. A revised version of PTM ([@bib43]) also considers people's belief in their own capacities in engaging in a specific behavior (self-efficacy) as it has been found to be crucial in triggering "motivational, cognitive and affective processes" ([@bib22]). In addition, the theory takes into account efficacy beliefs related to the behavior itself and the outcomes it brings (response efficacy). According to the PMT, efficacy beliefs and perceived response costs constitute people's coping appraisal. Furthermore, both threat and coping appraisal determine people's motivation (or intention) to protect themselves from experiencing an advert event. As such, PMT combines core concepts of risk perception theories (e.g., HBM) and behavioral action theories (e.g., TPB).

PMT has been furthermore extended to include information sources, intrapersonal characteristics, and prior experiences associated with threat and coping appraisal ([@bib22], [@bib46], [@bib54]). This way, the revised PMT applies a more holistic approach towards the understanding of behavioral intentions by incorporating contextual factors related to the living environment, information sources, and social norms as additional determinants of health-related behaviors, especially relevant in the context of vaccination as shown in a comprehensive framework by [@bib3]. Information sources cover informal and formal sources as well as interpersonal contacts and media coverage. Intrapersonal characteristics include, among others, social attitudes and perceived social norms with regards to threat and coping appraisal as well as the behavioral intention. Eventually, prior experiences with the (health) context are said to determine risk and severity perceptions as well as efficacy beliefs in relation to a specific (health) behavior. In the present paper, the extended version of PMT is used to better understand potential predictors of parents' intention to adhere to official MMR vaccination recommendations in Switzerland.

1.2. The context of the MMR vaccination {#s0015}
---------------------------------------

PMT was successful in predicting hepatitis B vaccination intention and behavior among an adult population ([@bib42]). However, MMR vaccination differs from hepatitis B vaccination inasmuch as it requires parents to make a vaccination decision for their child, which implies different cognitive mechanisms and the responsibility over another individual ([@bib45]). Compared to other widely accepted childhood vaccinations such as diphtheria, tetanus, pertussis (DTaP), the measles containing MMR vaccination has been heavily doubted in the general public after the *Lancet* published an article in 1998 linking the MMR vaccine to autism. Although the article was later retracted by the journal editors (see also [@bib51]), it set off a highly-publicized controversy about the safety of the MMR vaccine potentially influencing parents' MMR vaccination decision ([@bib40], [@bib59]).

The fluctuation in MMR vaccination rates over the last decades hints towards changes in parents' perceptions of their child's susceptibility towards negative MMR vaccination side effects. The severity of these effects, i.e., autism, has changed their intentions to follow (inter-)national MMR vaccination recommendations. While MMR coverage rates among children born in affluent countries like Switzerland before the late 1990s are generally high ([@bib55], [@bib73]), they only increased slightly among younger children since the early 2000s and rates at two doses are generally low (37% between 1999 and 2003) ([@bib65]).

As such, much research to date has focused on parents of young children and their intention to comply with the MMR vaccination schedule (e.g., [@bib17]; [@bib23]; [@bib26]). The schedule foresees two doses of a measles vaccine such as MMR by the age of two in most European countries including Switzerland ([@bib63]). If older children, adolescents, or adults have missed a dose or two, they are highly recommended to receive the MMR vaccine at any age to be sufficiently protected ([@bib65]). If they are still underage, parents need to make the vaccination decision for them. However, less is known about the vaccination intention of parents with children born at the advent of the controversy, that is between 1997 and 1999. These parents were asked to make a decision for their child at the time when insecurity among the general public was high and public health efforts alleviating the negative publicity of the MMR vaccination were not yet widely diffused. Therefore, the present study is concerned with factors that predict the intention of parents of adolescents to adhere to official MMR vaccination recommendations in Switzerland making use of PMT.

1.3. PMT and the MMR vaccination {#s0020}
--------------------------------

In the context of the MMR vaccination, the core concepts of the threat appraisal within PMT include parents' perceived severity of measles and the belief that their child is susceptible towards the disease. Perceived disease severity and susceptibility are considered to be positively associated with the behavioral intention to disease avoidance ([@bib7]). This leads us to the following hypothesis:H1The higher the perceived severity of and susceptibility to measles, the higher parents' intention to follow official MMR vaccination recommendations.

Coping appraisal, which is the evaluation of the adaptive response to the threat, is composed by efficacy variables (self-efficacy and response efficacy) and response costs ([@bib53]). More recently, self-efficacy has received attention in the MMR vaccination decision-making context as a sub-dimension of psychological empowerment ([@bib18]). In the context of the MMR vaccination, perceived response efficacy describes parents' belief in the effectiveness of the vaccination in protecting their children from the disease. Strong positive correlations with intention and vaccination status were found in previous studies for the perceived effectiveness of vaccination ([@bib2], [@bib45], [@bib48]). Likewise, self-efficacy and perceived behavioral control (the equivalent of self-efficacy) were found to be significant positive predictors of preventive health behavioral intention ([@bib43]), and vaccination in particular ([@bib8]). Based on these findings, we hypothesize that:H2The higher parents' perceived self-efficacy and response efficacy, the higher their intention to follow official MMR vaccination recommendations.

On the other hand, response costs are any costs associated with performing the adaptive coping response ([@bib53]). They may include negative outcomes that can be experienced by an individual because of adopting the protective measure suggested (e.g., side effects after the inoculation of the vaccine). Regarding the severity of the risks attached to the vaccine, research found that parents who delayed and refused vaccines were significantly less likely to believe that vaccines are safe ([@bib6], [@bib27], [@bib60], [@bib68]) and more likely to believe that vaccination is unhealthy ([@bib23]). In a similar fashion, Bennett and Smith found that those who did not vaccinate their children had significantly more concern over their child experiencing long-term health problems as a result of the vaccination than respondents who fully or partially vaccinated their children ([@bib2]). The importance attached to the risk of adverse reactions also plays a role in predicting vaccination status ([@bib26]), so does the number of reported vaccine concerns ([@bib70]). In light of these findings, we formulate the following hypothesis:H3The higher parents' perceived severity of and susceptibility to MMR vaccine side effects, the lower their intention to follow official MMR vaccination recommendations.

Concerning intra- and interpersonal characteristics beyond the core concepts related to threat and coping appraisal within PMT, the present study takes into account parents' social attitudes and norms with regards to the MMR vaccination ([@bib2], [@bib5], [@bib9], [@bib58]), their past experiences, which include any direct experiences with measles or MMR vaccination side effects as well as indirect experiences, that is, knowing somebody (including their child) who was previously inflected with measles or experienced negative MMR vaccination side effects ([@bib25]). Past behavior in relation to the MMR vaccination is accounted for by directly linking parents' prior decision to vaccinate their adolescent child against measles to their behavioral intentions to follow MMR vaccination recommendations, which are particularly crucial for this age group given that adolescents and young adults are, in some countries, the most vulnerable group in terms of susceptibility to measles ([@bib21], [@bib36], [@bib52]). Eventually, formal and informal online and offline information sources on the disease and the vaccination are taken into account as they may have differential effects on parents' threat and coping appraisal and their subsequent behavioral intention to adhere to official MMR vaccination recommendations ([@bib6], [@bib16], [@bib34], [@bib40]).

All factors and derived hypotheses of the extended PMT model are summarized in [Fig. 1](#f0005){ref-type="fig"}. Using Structural Equation Modelling, we aim to identify which of these factors are linked to parents' intention to adhere to official MMR vaccination recommendations while controlling for their past MMR vaccination decision. By doing this, we are able to formulate intervention recommendations for MMR vaccine communication measures and campaigns in Switzerland.Fig. 1Hypothesized extended PMT model applied to the context of the MMR vaccination.Fig. 1

2. Methods {#s0025}
==========

2.1. Recruitment and procedure {#s0030}
------------------------------

Survey and MMR coverage data were collected between October 2012 and January 2013. All parents of adolescents attending the third year of obligatory middle school in Ticino (*N*=3,249) received a letter from the Cantonal Office of Public Health in Ticino in which they were asked to provide the children with their vaccination card. Together with the letter, parents received an invitation to participate in a survey on parents' attitudes towards childhood vaccination conducted by \[name of the institution omitted for blind review\]. Parents who agreed to participate in the study (*n*=891) filled out an enclosed response card which asked them to provide their informed consent and indicate details for their preferred form of contact (regular mail, e-mail or phone). Adolescents brought both the vaccination and response cards to school, where certified school doctors checked the vaccination status and specified on the back of the response card whether the adolescent was not at all vaccinated (0 dose), under-vaccinated (1 dose) or fully vaccinated (2 doses) against MMR. All completed response cards were forwarded to \[name of the institution omitted for blind review\]. Based on their preferred form of contact, parents received a standardized self-administered questionnaire. Parents were contacted up to two times by letter or telephone and up to three times by email to increase the response rate. Once parents' responses were collected and matched to adolescents' MMR vaccination coverage data, personal contact details were deleted to obtain an anonymized dataset for further analyses. The procedure was approved by the ethics committee of Canton Ticino.

2.2. Measures {#s0035}
-------------

Unless otherwise noted, the following measures were assessed on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree).

### 2.2.1. Intention to adhere to official MMR recommendations {#s0040}

Intention was measured with a single item ("I follow official recommendations regarding MMR vaccination"; *Mean* (*M*) = 5.50, *Standard Deviation* (*SD*) = 1.68).

### 2.2.2. Threat appraisal {#s0045}

Measles severity was assessed with a single item ("Measles is an infective disease that can have severe consequences for one's health"; *M* = 6.08, *SD* = 1.33).

Likewise, measles susceptibility was assessed with a single item ("If my child wasn't vaccinated against measles, he would be likely to suffer from the disease during the course of his life"; *M* = 5.43, *SD* = 1.64).

### 2.2.3. Coping appraisal {#s0050}

Self-efficacy was measured with three items adapted from the competence dimension of the Psychological Empowerment Scale ([@bib61]). These were "I am confident about my ability to decide regarding the MMR vaccination of my child", "I have the necessary skills to decide whether to vaccinate my child against measles", "I trust my ability to make decisions regarding the MMR vaccination of my child". They were averaged to create a compound score; *M* = 5.12, *SD* = 1.55, *α* = .82.

Response (vaccination) efficacy was measured with three items adapted from Brown and colleagues' scale ([@bib9]) on attitudinal predictors of MMR vaccine acceptance ("The vaccination against measles is not efficient enough for fighting the disease", "It is possible to prevent measles by vaccinating during childhood" and "Only pharmaceutical companies can profit from the MMR vaccination"). Two items were reverse coded before calculating an average compound score; *M* = 5.84, *SD* = 1.15, *α* = .55.

Response costs were measured as MMR vaccine side-effects susceptibility ("It is likely that my child will have side-effects from MMR vaccine"; *M* = 3.85, *SD* = 1.79) and MMR vaccine side-effects severity ("The side-effects of MMR vaccine can be severe"; *M* = 4.07, *SD* = 1.82).

### 2.2.4. Intrapersonal characteristics {#s0055}

Social attitudes were assessed with a single item ("The vaccination of my child helps to prevent the diffusion of measles in the population"; *M* = 6.22, *SD* = 1.39.).

Similarly, social norms were measured with a single item describing injunctive norms ("Most parents I know vaccinate their children against measles"; *M* = 5.65, *SD* = 1.50).

### 2.2.5. Past experience {#s0060}

Past experience with measles and MMR side effects was measured with a binary response format where 1 indicated "yes, parent had made the experience" and 0 "no, parent had not made it". The questionnaire differentiated between one's own child having previously been infected with measles (7%), parents or somebody else in the family having previously been infected with measles (53%), and parents knowing somebody who experienced MMR side effects (5%).

### 2.2.6. MMR information sources {#s0065}

Information sources were assessed by asking if parents had actively sought information about MMR vaccination (coded as 1) or not (coded as 0) from public health institutions such as the Cantonal office of public health (3%), doctors (29%), and the Internet (15%).

### 2.2.7. Socio-demographics {#s0070}

In addition, the questionnaire assessed parents' age, highest educational attainment, and nationality. Information on children's age and MMR vaccination coverage were also available.

3. Results {#s0075}
==========

3.1. Sample {#s0080}
-----------

The final sample consisted of 554 out of 891 (62%) parents with valid survey data. Of 554 parents, 253 (46%) opted for a paper-and-pencil questionnaire and a prepaid self-addressed envelope, 276 (50%) for a link to an online questionnaire, and 25 (4%) for a computer assisted telephone interview. In the majority of cases (88%), the mother answered the survey confirming her central role in the care of and decisions regarding the health of their offspring. Among respondents, the modal level of highest educational attainment was apprenticeship or professional school (*n* = 246; 44%), in 149 cases (27%) respondents held a university degree. Four in five adolescents (80%) had at least one parent with Swiss nationality, 91 (16%) had at least one parent with a European Union nationality and in 18 cases (3%) the family had a Non-European origin. According to recent census data ([@bib20]), the distribution of educational level and nationality in our sample reflects that of the Ticino population in the corresponding age group, although the percentage of people with a university degree in our sample was slightly higher than the one in the general population. Children's age ranged between 13 and 15 years, and 11.3% did not have the recommended two doses of the MMR vaccine. [Table 1](#t0005){ref-type="table"} summarizes socio-demographic characteristics divided for each parent and the child.Table 1Sample characteristics (*n*=554).Table 1MotherFatherChild*n%n%n%Highest educational attainment*Obligatory school5810.5386.9Apprenticeship/professional school24544.224744.6High school14926.98114.6University of applied sciences386.95910.6University5610.18415.2No answer81.4458.1              *Nationality*Swiss40372.831056.0Other European11320.412823.1Non-European285.1193.4No answer101.89717.5              *MMR coverage*No dose498.81 dose142.52 doses49188.6*MSDMSDMSD*Age45.94.548.65.613.10.4

3.2. Preliminary results {#s0085}
------------------------

Data were analysed in SPSS© v.23 and AMOS© v.22. First, data were evaluated for missingness and normal distribution of continuous variables. The number of missing values at the univariate level was minimal and never exceeded 2 percent of the overall sample. Furthermore, data were missing at random. The model was run on a dataset with imputed values for missing data using an Expectation Maximization algorithm implemented in SPSS. Examination of skewness and kurtosis at the univariate level revealed somewhat troublesome kurtosis values for social attitude (*K* = 4.65) and perceived severity of measles (*K* = 2.28). In addition, Mardia's test pointed towards multivariate non-normality. Thus, the model was run on 2,000 Bootstrap replications. [Table 2](#t0010){ref-type="table"} provides a correlation matrix with bivariate relationships among all factors of the model.Table 2Bivariate correlations among concepts of PMT model.Table 223456789101112131415161 Intention to adhere.225[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.181[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.054.435[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.126[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.117[\*](#tbl2fnStar){ref-type="table-fn"}.445[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.220[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.157[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.087[\*](#tbl2fnStar){ref-type="table-fn"}−.107[\*](#tbl2fnStar){ref-type="table-fn"}.060.019.022.153[\*\*](#tbl2fnStarStar){ref-type="table-fn"}2 Measles severity.318[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.180[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.325[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.058.026.379[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.218[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.049−.019.047.064.124[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.042.0833 Measles susceptibility.172[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.269[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.008.133[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.222[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.123[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.047.064.028.048.072.044.094[\*](#tbl2fnStar){ref-type="table-fn"}4 Self-efficacy.151[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.032.025.201[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.108[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.030.059−.001.037.128[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.091[\*](#tbl2fnStar){ref-type="table-fn"}.0135 Response efficacy−.158[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.150[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.444[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.290[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.141[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.030−.084[\*](#tbl2fnStar){ref-type="table-fn"}.099[\*](#tbl2fnStar){ref-type="table-fn"}.144[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.118[\*](#tbl2fnStar){ref-type="table-fn"}.086[\*](#tbl2fnStar){ref-type="table-fn"}6 MMR vaccine side effects severity.464[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.089[\*](#tbl2fnStar){ref-type="table-fn"}−.081−.014.029.143[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.031.034−.033−.102[\*](#tbl2fnStar){ref-type="table-fn"}7 MMR vaccine side effects susceptibility−.082−.054−.034.033.137[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.096[\*](#tbl2fnStar){ref-type="table-fn"}.040−.085[\*](#tbl2fnStar){ref-type="table-fn"}−.094[\*](#tbl2fnStar){ref-type="table-fn"}8 Social attitudes.335[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.151[\*\*](#tbl2fnStarStar){ref-type="table-fn"}−.018−.030−.011.086[\*](#tbl2fnStar){ref-type="table-fn"}.079.0569 Social norms.051−.062.022−.006−.001.013.00110 Child infected with measles.208[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.103[\*](#tbl2fnStar){ref-type="table-fn"}−.047−.060.007−.086[\*](#tbl2fnStar){ref-type="table-fn"}11 Other family member infected with measles.101[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.058.096[\*](#tbl2fnStar){ref-type="table-fn"}−.017−.00612 Knowing somebody with MMR side effects.142[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.087[\*](#tbl2fnStar){ref-type="table-fn"}.042−.07213 MMR information from public health institution.119[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.085[\*](#tbl2fnStar){ref-type="table-fn"}−.05614 MMR information from doctor.319[\*\*](#tbl2fnStarStar){ref-type="table-fn"}.01715 MMR information from Internet−.02116 complete MMR vaccination coverage[^5][^6][^7]

3.3. Primary results {#s0090}
--------------------

The hypothesized PMT model in [Fig. 1](#f0005){ref-type="fig"} was evaluated with Structural Equation Modelling, which allows to test for mediation effects. As such, it is a suitable technique for testing the extended PMT as it estimates path coefficients for all relationships at the same time ([@bib37]). Absolute and comparative goodness of fit indices for the initial hypothesized model pointed towards a bad model fit: Bollen-Stine *p* \< .001, RSMEA = .101, *p* value for the test of close fit \< .001, CFI = .870. Modification indices above 4 indicated an additional direct path from social attitudes to adhere to MMR recommendations, and from threat appraisal components to coping appraisal components. After adding these theoretically meaningful modifications, model fit indices improved and an acceptable model fit was achieved: Bollen-Stine *p* = .054, RSMEA = .041, *p* value for the test of close fit = .720, CFI = .985.

[Table 3](#t0015){ref-type="table"} and [Fig. 2](#f0010){ref-type="fig"} summarize the results for the extended PMT model, whose predictors explain 28 percent of variance in parents' intention to adhere to official MMR vaccination recommendations as the final outcome variable. The results will be described by focusing on significant direct and indirect relationships with intention as the final outcome variable. Concerning the central PMT concepts related to threat and coping appraisal, only response (vaccination) efficacy showed to be significantly positively related to parents' intention to adhere (*B* = .40, *p* \< .001) ([H2](#enun0010){ref-type="statement"} partly confirmed). More precisely, a one point increase on the 7-point response efficacy scale led to a .40-point increase on the 7-point intention to adhere scale. None of the other concepts describing parents' threat and coping appraisal proved to be significant predictors of their intention to follow MMR vaccination recommendations ([H1](#enun0005){ref-type="statement"} and [H3](#enun0015){ref-type="statement"} not confirmed). Instead, intention was directly positively associated with children's MMR coverage (*B* = .54, *p* = .004), meaning that, on average, parents of children who received the two MMR vaccine doses in the past reported .54 points higher intentions to follow the official MMR vaccination schedule. When it comes to antecedents of the central PMT model, intention was directly positively related to respondents' social attitudes (*B* = .38, *p* \< .001), that is, their willingness to vaccinate one's child to help contain the diffusion of measles in the population. Response efficacy, in turn, was significantly associated with the two intrapersonal characteristics, social attitudes (*B* = .24, *p* \< .001) and social norms (*B* = .12, *p* \< .001), past experience, that is, having a child who experienced measles (*B* = −.40, *p* = .020) and knowing somebody who experienced MMR vaccine side effects (*B* = −.52, *p* = .006), as well as having sought information on the MMR vaccine from public health institutions (*B* = .54, *p* = .019). In addition, response efficacy as one component of coping appraisal was significantly positively associated with both threat appraisal components, that is, measles severity (*B* = .11, *p* = .002) and measles susceptibility (*B* = .10, *p* \< .001).Table 3Unstandardized and standardized direct, indirect and total effects on intention to adhere to official MMR vaccination recommendations and threat and coping appraisal components.Table 3*BBetapDirect effect on intention*Measles severity (H1).012.010.810Measles susceptibility (H1).041.039.318Self-efficacy ([H2](#enun0010){ref-type="statement"})−.063−.058.119**Response efficacy (**[H2](#enun0010){ref-type="statement"}**).399.273\<.001**MMR vaccine side effects severity ([H3](#enun0015){ref-type="statement"})−.027−.029.477MMR vaccine side effects susceptibility ([H3](#enun0015){ref-type="statement"})−.030−.032.446**Complete MMR coverage.544**--**.004MI: Social attitudes.381.313\<.001**        *Direct effect on measles severity***Social attitudes.329.342\<.001Social norms.090.101.015**Child previously infected with measles.037--.864Parent or other family member previously infected with measles−.068--.526Knows somebody who experienced MMR side effects.267--.267MMR information from public health institutions.403--.164**MMR information from doctor.279**--**.023**MMR information from Internet−.089--.560        *Direct effect on measles susceptibility***Social attitudes.252.213\<.001**Social norms.056.051.245Child previously infected with measles.462--.102Parent or other family member previously infected with measles.157--.260Knows somebody who experienced MMR side effects.082--.792MMR information from public health institutions.390--.299MMR information from doctor.162--.310MMR information from Internet.036--.855        *Direct effect on self-efficacy***Social attitudes.135.120.011**Social norms.044.042.337Child previously infected with measles−.124--.642Parent or other family member previously infected with measles.179--.174Knows somebody who experienced MMR side effects−.138--.639MMR information from public health institutions.118--.741MMR information from doctor.269--.075MMR information from Internet.212--.258MI: Measles severity.093.080.082**MI: Measles susceptibility.098.103.018**        *Direct effect on response (vaccination) efficacy***Social attitudes.240.288\<.001Social norms.120.156\<.001Child previously infected with measles−.403**--**.020**Parent or other family member previously infected with measles−.010--.903**Knows somebody who experienced MMR side effects−.524**--**.006MMR information from public health institutions.542**--**.019**MMR information from doctor.175--.073MMR information from Internet.184--.130**MI: Measles severity.105.121.002MI: Measles susceptibility.101.143\<.001**        *Direct effect on MMR* vaccine side effects *severity***Social attitudes−.137−.104.028**Social norms−.082−.067.133Child previously infected with measles−.268--.398Parent or other family member previously infected with measles.056--.722**Knows somebody who experienced MMR side effects1.137**--**.001**MMR information from public health institutions.011--.980MMR information from doctor.115--.521MMR information from Internet−.212--.341**MI: Measles severity.134.098.017**        *Direct effect on MMR* vaccine side effects *susceptibility***Social attitudes−.137−.106.019**Social norms−.041−.034.437Child previously infected with measles−.452--.144Parent or other family member previously infected with measles.032--.833**Knows somebody who experienced MMR side effects1.024**--**.003**MMR information from public health institutions.677--.099MMR information from doctor.193--.267**MMR information from Internet−.542**--**.012MI: Measles susceptibility.170.155\<.001**        *Indirect effect on intention***Social attitudes.127.105.001Social norms.056.050.001**Child previously infected with measles−.098−.015.344Parent or other family member previously infected with measles−.010−.003.762**Knows somebody who experienced MMR side effects−.244−.032.015MMR information from public health institutions.234.025.036**MMR information from doctor.068.018.163MMR information from Internet.080.017.133Measles severity−.003−.002.069Measles susceptibility−.001−.001.054        *Total effect on intention***Social attitudes.508.418.001**        *Correlations among disturbance terms ofrp*Measles severity and measles susceptibility.251\<.001Self-efficacy and response efficacy.012\<.001MMR vaccine side effects severity and MMR vaccine side effects susceptibility.449\<.001Self-efficacy and MMR vaccine side effects severity.043\<.001Self-efficacy and MMR vaccine side effects susceptibility.023\<.001Response efficacy and MMR vaccine side effects severity−.144\<.001Response efficacy and MMR vaccine side effects susceptibility−.168\<.001        *Explained variance ofR*^*2*^Intention.283Measles severity.168Measles susceptibility.066Self-efficacy.080Response efficacy.297MMR vaccine side effects severity.043MMR vaccine side effects susceptibility.068[^8]Fig. 2Final extended PMT model applied to the context of the MMR vaccination (only significant paths are shown).Fig. 2

We also looked at the indirect and total effects that result from the mediations summarized in [Table 3](#t0015){ref-type="table"}. Examination of the bias corrected significance level indicated that intention was indirectly positively associated with social attitudes (*B* = .13, *p* = .001), social norms (*B* = −.06, *p* = .001), and having sought MMR information from public health institutions (*B* = .23, *p* = .036), while it was indirectly negatively related to knowing somebody who experienced MMR side effects (*B* = -.24, *p* = .015). Eventually, the total effect, combining the direct and indirect effects, of social attitudes on intention to adhere to official MMR vaccination recommendations turned out to be significant (*B* = .51, *p* = .001).

4. Discussion {#s0095}
=============

The aim of this study was to apply Protection Motivation Theory (PMT) in the context of childhood vaccination and to identify which predictors included in the theory are likely to influence parents' intention to adhere to official recommendation regarding the MMR vaccination in Canton Ticino in Italian-speaking Switzerland. In particular, we focused on parents of adolescents, as MMR vaccination coverage among adolescents born at the advent of the MMR controversy has not yet reached the WHO goal. Survey responses from parents of 554 adolescents aged 13 to 15 revealed that the perceived efficacy of the MMR vaccination was the only significant predictor among the concepts that represent the core components of PMT, i.e., threat and coping appraisal. In general, this is in line with other studies' findings showing that not all PMT variables are able to predict a given behavior with the same strength ([@bib22], [@bib30], [@bib46]). A meta-analysis of the literature on PMT found that, generally, coping appraisal concepts have stronger relationships with the adaptive behavior or related intention, compared to threat appraisal concepts ([@bib22]). Our findings confirm that parents' perception that vaccination is efficient in protecting their children from a target disease is positively associated with parents' intention to vaccinate their children or with children's vaccination status ([@bib2], [@bib14], [@bib19], [@bib39], [@bib45], [@bib48]). This finding is also confirmed by different attempts to apply PMT to other health domains. Hsieh and colleagues found that response efficacy was one of the strongest predictors of individuals' behavioral intention for personal health records among all PMT variables ([@bib32]), while Cox and colleagues' study revealed that, together with self-efficacy, response efficacy was the most important antecedent of the intention to consume functional foods or supplements among middle-aged consumers ([@bib15]).

Despite the fact that we did not find a direct relationship between the threat appraisal pathway and the intention to adhere to official MMR vaccination recommendations, our results reinforce the idea that threat and coping appraisals are, within the PMT model, two intimately intertwined constructs: Perceived severity of and susceptibility to measles were significantly linked to efficacy beliefs and perceived response costs. Likewise, other studies have shown that individuals tend to make their vaccination decision by comparing the perceived benefits that can derive from vaccinating against the perceived risks which can result from contracting a target disease ([@bib14], [@bib28]).

It is not surprising that, within the extended version of the PMT model, pro-social attitudes result to be positively and significantly associated not only with the perceived efficacy of the vaccination but also with the intention to follow official vaccination recommendations. Previous studies already reported on the supportive role of parents' belief in the benefit of vaccinating to protect other members of society, especially those more at risk, in their vaccination decision-making ([@bib5], [@bib13], [@bib29], [@bib57], [@bib58]). While it might be too simplistic to frame the vaccination decision as a mere form of altruism or free-riding, our results suggest that parents not only worry about the health of their own child when making a vaccination decision, but also about the health of other children, and they understand the potential risk of free-riding when vaccination coverage is insufficient. In the context with a high vaccination uptake (such as the one captured by our study), individuals are more likely to avoid free-riding if they believe in the benefits and efficacy of immunization ([@bib4], [@bib10], [@bib33]). Thus, the indirect relationship between pro-social attitude and vaccination intention within the PMT model, as mediated by the perceived response efficacy, becomes even more central. This highlights the importance of communicating the benefits of vaccination even among populations where vaccination uptake is relatively high but not saturated ([@bib10]).

Furthermore, the finding that perceived vaccination efficacy mediated the relationship between social norms, past experience (having a child who previously had measles and knowing someone who suffered from MMR vaccine side effects), and MMR information sources (having actively sought information about the MMR vaccination from public health institutions) on the one side, and intention to adhere to official MMR recommendations on the other side, suggests that parents' behavioral intentions are not a direct consequence of intra- and interpersonal characteristics, but that the latter activate a process where parents critically evaluate the efficacy of the MMR vaccine. In line with Roger's (1975) suggestion that, when confronted with a threat, individuals activate a threat appraisal first and a coping appraisal subsequently, our analyses revealed that parents' evaluation of the efficacy of the MMR vaccine are, among others, a direct consequence of parents' perceived severity of measles and the perceived likelihood that their children will get this highly infectious disease throughout their course of life. While other studies also found that social norms, past experiences (with vaccination and diseases), and information sources can play a role on the immunization intention ([@bib47], [@bib50], [@bib66], [@bib69]), our study emphasizes the central role of the perceived efficacy of the vaccination to prevent a target disease as a (partial) mediator between intrapersonal, experience-related, and information source-related factors and the intentional outcome of the PMT model. MMR information acquired through the Internet did not have any effects on the intention to vaccinate. This could be due to the fact that only 15 percent of our sample reported to have searched for information from the Internet, or it could be explained by a social desirability bias that would lead our participants to not report having obtained information from the Internet.

Furthermore, it is noteworthy that negative past experiences with measles did not increase parents' threat appraisal, nor were related to parents' perceived self-efficacy when it comes to making a decision about the MMR vaccination of their children. Interestingly, having a child that previously had measles was significantly negatively related to perceived response efficacy. This finding underscores that, among all coping appraisal concepts of PMT, response efficacy is the most stable over the years as parents of children who previously suffered from measles most likely did not believe in the response (vaccination) efficacy in the past and, hence, did not get their children vaccinated against the disease, which increases the likelihood of measles contagion. It can be speculated that those children who previously contracted measles despite being vaccinated against the disease, represent the 3 percent of cases in which two doses of the MMR vaccine are not efficient in protecting from contracting measles ([@bib12]). Consequently, these parents do not believe that the MMR vaccination is efficient, and they have no further intentions to follow the official MMR vaccination schedule. Emphasizing the high effectiveness of the MMR vaccination (97% of the population is protected with two doses, 93% with only one; [@bib12]) could be a successful strategy to promote vaccination especially in those communities where individuals that have been infected by measles despite having been vaccinated.

Finally, research has shown that the sources individuals employ to collect information on vaccination play a crucial role on their vaccination decision-making, attitudes and behavior, with positive outcomes when the sources are medical professionals or other trusted sources ([@bib16], [@bib17], [@bib34], [@bib35]). Notably, a recent meta-analysis highlighted the importance of the type of information and information source for individuals' immunization outcome, showing that when the information source or the advice from general or other health practitioners are lacking or inadequate, this leads to a significantly lower vaccination acceptance ([@bib67]). Our findings support past evidence as they highlight the importance of public health institutions in emphasizing the efficacy of the MMR vaccination as well as the role of doctors and other healthcare providers in elucidating the seriousness of measles for children's health, that eventually contribute to parents' intention to follow MMR vaccination recommendations. This is of utmost relevance considering the press coverage and other sources of information about measles and the MMR vaccination, which parents not only actively seek out but to which they are also passively exposed in an omnipresent media environment and which include conflicting standpoints on the seriousness of measles and side effects of the MMR vaccination ([@bib1], [@bib40]). That said, our participants' reports stress the importance of the accuracy of information from health practitioners and institutions (which should correctly describe the benefit of the vaccination in terms of its efficacy) to be successful in promoting vaccination acceptance within the ecosystem of PMT. Parents seem to be aware of the implications of recent studies' findings that some healthcare professionals advise against immunization ([@bib49]). Our results underline the importance of assessing the accuracy of the information regardless of the source it comes from.

4.1. Implications of the finding {#s0100}
--------------------------------

The results of this study have a number of implications at both theoretical and practical levels. In terms of theory, as previously discussed, our results indicate that the extended version of the PMT (including intrapersonal characteristics, past experience, and information sources) has a higher predictive and explanatory power than the PMT with its core components of threat and coping appraisal. Although the present study did not compare the two models systematically, the strong direct and indirect effect of pro-social attitudes is only one reason to believe that we need to consider factors beyond risk perception and efficacy beliefs in order to understand parents' intentions to follow MMR vaccination recommendations. This should not be surprising since the vaccination decision is, to parents, an important and complex decision, where multiple factors are taken into account to make the best choice for their children ([@bib24]).

At a practical level, concerning health communication and public health interventions, our findings help formulating message contents and selecting adequate message channels. Regarding the message, the strong and significant relationships between pro-social attitudes, response (vaccination) efficacy and intention to adhere to official MMR vaccination recommendations should be taken into account when designing communication strategies and campaigns in the area under study. The content of vaccination promotion messages should present evidence on the high effectiveness of the MMR vaccination in reducing the risk of getting infected with the disease both at the individual and, even more importantly, at the community levels, rather than the health risks that follow from the target disease(s) (see also [@bib31]). As for the message channels, future efforts should highlight the benefits of searching vaccination-related information through health institutions, who should promptly answer parents' questions and elucidate their doubts ([@bib44]).

4.2. Study limitations {#s0105}
----------------------

Our findings should be interpreted in the light of several study limitations. First of all, participation in the study was voluntary and parents were recruited in collaboration with the Cantonal Office of Public Health. It is likely that parents who agreed to participate in the study are mainly those who have high regards for local public health institutions, their recommendations and activities in the context of childhood vaccinations. In a future study on this topic, a more neutral form of recruitment should be applied to minimize potential selection bias. By implementing three modes of data collection (online questionnaire, postal questionnaire, and telephone interview), we aimed to increase participation rate and reduce systematic bias. However, the use of different assessment modes has also its limitations as participants may differ in their responses due to different perceptions of anonymity and a social desirability bias introduced by the presence of an interviewer. We conducted one-way ANOVAs with Tukey's post-hoc test to evaluate if the different survey modes had an impact on participants' self-reports. This was not the case, except for response efficacy, where online responses (*M* = 5.99, *SD* = 1.11) significantly differed from postal responses (*M* = 5.64, *SD* = 1.17), and for information search on the Internet, where online responses (*M* = .20, *SD* = .40) were significantly different from phone responses (*M* = .00, *SD* = .00). The latter difference can be explained by the fact that parents who opted for the phone survey probably rarely or never use the Internet in general and as an information source. In fact, these parents have not sought online MMR information at all. The difference in participants' evaluation of MMR vaccination response efficacy was somewhat surprising since both online and postal survey provided the same level of anonymity so that a discriminating systematic bias (e.g., social desirability bias) can be excluded. Another limitation is linked to the measurement of concepts. We used single items to assess many components of the PMT model. Operationalizing the key concepts in a different way and with more items would increase the predictive validity of our study results. However, multi-item indicators in this study context face the challenge of good reliability. For example, Cronbach's alpha for our multi-item indicator of response efficacy was below the standard threshold and similar alpha levels have been found in other studies with measures on attitudes and beliefs in the context of measles and the MMR vaccination ([@bib9]). Furthermore, the decisive dependent variable, agreeing to the statement that one follows official MMR vaccination recommendations, is not necessarily understood as a proclamation of what one intends to do; it can as well be understood as a reporting about past behavior. In fact, parents whose children received full MMR vaccination coverage were significantly more likely to adhere to official MMR vaccination guidelines than parents whose children received no or only one dose of the vaccine. However, it is most important to understand what supports and -- on the other hand -- prevents parents from getting their now adolescent child vaccinated against measles, especially with regards to parents whose children did not receive full MMR coverage by the age of 13 to 15.

Furthermore, research on the MMR vaccination should move a step forward and include studies looking at similarities and differences in the factors that predict parents' intention to follow MMR vaccination recommendations by comparing parents of very young children, being the primary target group of MMR vaccination campaigns and interventions, with parents of adolescent children. If differences in the predictive factors exists, these should be addressed in targeted campaigns and interventions to improve MMR vaccination status in all age groups.

A final limitation regards the generalizability of our finding. As mentioned earlier, our sample composition largely reflects that of the general Ticino population in the relevant age group and we can therefore safely assume that they provide a good snapshot of the dynamics of the population. However, it must be acknowledged that some of the peculiarities of Ticino might limit the generalizability of our results to other socio-cultural contexts. For instance, it might be hypothesized that social attitudes would play a more marginal role in more individualistic contexts ([@bib56]). Further research is therefore needed to investigate the role of the different concepts of the PMT in predicting the intention to follow official MMR vaccination recommendations and, eventually, the decision for vaccination in different socio-cultural contexts.

5. Conclusions {#s0110}
==============

The present study gave useful insights on the factors that underlie parents' intention to adhere to official MMR vaccination recommendation in a Swiss Canton with a high measles incidence, using Protection Motivation Theory. Our results underline the importance of vaccination efficacy and social attitudes, i.e., the belief that the MMR vaccine helps protecting one's child and that vaccinating one's child also protects other children, as positive predictors of the intention to adhere to official MMR vaccination recommendations in the Italian-speaking part of Switzerland. Hence, future efforts in view of the goal of measles elimination in the Swiss population by the end of 2020 should include campaigns and other public health strategies targeted at parents, highlighting the altruistic aspect of vaccinating and the high effectiveness of the immunization practice. This is particularly difficult, yet crucial in persuading parents with negative measles experiences to decide for the MMR vaccination when it comes to protect younger siblings and/or advocating for the MMR vaccination when advising parents of toddlers or parents-to-be. Furthermore, official information through public health institutions should be promoted. In light of current suboptimal measles vaccine coverage, future studies could evaluate past measles vaccine campaigns conducted in Switzerland, by means of verifying the presence of the PMT concepts and their practical application in the intervention.
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